This report wi present the results of an investigation into the feasibility of several modes of wieless data transmission including: (1) radio frequency modems, (2) acoustic modems (using the ship's steel hull for a path with a "HulIhone"), (3) power line systems, such as X-lO units, and (4) possible power line utiliation of telephone modems.
There is a need for wieless data transmission on both Voluntar Observg Ships (VQS) and research ships for short-term instalations. The availability of cables from remote areas on these ships is usualy not good, and restnctions on installng cables prevent some useful measurements from being made. A case in point is the real time avaiability of measurements of sea sudace temperature (SST) from VOS by sensors mounted inside the hull. Instruments for measunng SST are installed in sealed comparments that are near the waterline of the ship and often four decks below the mai deck. Other applications include transmission of data from automated XBT launchers located on the af deck to the science area and transmission of data from a cluster of meteorological instruments located at the bow of the ship to the bndge for intedace to Servce Argos or Inmarsat satellte links.
Surveys of existing equipment have been made. Typical equipment has been purchased and was tested in a ship environment, including the "HulIhone". The results of these tests are presented. Suggestions for system confgurations to meet the applications noted above are made with note of the product development required. which the wies penetrate bulkeads must conform to US Coast Guard standards and are, therefore, expensive and difcult to instal. Figure 1 shows a tyical VOS container ship, the California Star. This report is on the feasibilty offlexible, wireless means of signal transmission on ships.
Background

A. The need for wireless data transmission
Wireless data transmission is especially cntical in the case of sea-sudace temperature measurements made on the inside of the ship near the waterline. Figure 2 shows a sea-sudace temperature VOS Improved METeorology (!T) module installed in the California Star at the waterline. This hull-mounted measurement has been proven to be of much higher quality than those made at the seawater engie coolig intake; however, getting the data from sealed comparments that are low in the ship where the sensor is mounted is a special problem. Other applications include transmission of data from automated XBT launchers located on the aft deck to the science area, and transmission of data from a cluster of meteorological instruments located at the bow of the ship to the bndge for intedace to Servce Argos or Inarsat satellte links. This tye of bow installation could be battery powered and self-recording (almost a buoy confguration) that would be, because no cables are needed, ideal for vas use. Figure 3 shows the bow mast on the Oceans. Container ships, as an example ofVOS, often do not have the convenient, protected cable runs common to research ships. These problems are aggravated by the way in which present VOS operate. Many are fast container ships, whose operators seek minial time in port. Thus, the port time dunng which equipment may be installed is bnef, perhaps four hours. Installation of cables, if it needed to be done, would stretch out over many port calls. Dnllng and installation of certifed bulkhead fittings are required. The shifting around of hard-wired sensors to locations with less flow distortion, radio frequency intederence, or stack gas contamnation is a non-tnvial task. In addition to short port stops, the ships' operators presently sell and replace ships on a given VOS route regularly, perhaps once a year. The SID VOS Group had the expenence of dnllng through bulkheads over many port calls, installng the cable . was battery operated could be done in one port cal. Whle a hard-wired system would be difcult to shi to a new vessel, a wireless system could be moved easily. Furthermore, the logistical problems of tryng to install equipment that canot be hand eared on a ship include handling equipment availability, scheduling, and installation constraits based on junsdiction and labor contracts. Real-time data, especially of sea-sudace temperature (SST) and barometnc pressure (BPR), are needed for intialtion ofnumencal weather prediction models. In addition, ship operators want to see sensor data displayed (this facilitates establishig rapport with ships' owners and crew), and other users (satellite valdation, etc.) need real-time transmission as well. Transmission also allows redundant data recording. 
Approaches
These low-power VOS-IMT units are ideally suited for use in a wireless network. They do, however, need to transmit their data to a central logger/controller for transmission via satellte. There were three approaches tested in this program: (A) a radio-modem, (B) an acoustic modem, and (C) a power line signal injection system (similar to home control units). The results of the testing will be descnbed in the followig paragraphs.
A. Radio frequency modems
There are a large number of commercially available "wieless data links" that operate at 900 and 450 megahert in a spread spectrum mode. These can be used as line-ofsight transmitters and as repeaters to get data from one point to another. These would be applicable between the bow and wheelhouse of a ship. An excellent reference is the article, "Spread spectrum challenges FM in wieless telemetry systems" (Schreier, 1996) , that descnbes the vanous units and provides sources. A listing of companies is provided in Appendix 1. Units from two manufacturers were purchased. The first units were from Comrad Corp.(CRC) (specs in Appendix 2) that worked only on RS232 and were for inside use only. They worked well, were low cost (about $250 ea.), and could provide a good link. They required high power (about 0.5 amps at 12 vdc) and did not have a stand-by option. The second units were from Wireless Scientific Corp. (WSC) (specs in Appendix 2) that also worked well either on RS232 or RS485. They were more expensive (about $1,500 for the all-weather unit and $1,250 for the inside unit), and did have a "sleep" mode that conserved power. Power dunng operate mode was about the same as the CRC unit (about 0.5 amps at 12 vdc). Whle the units were within line of sight, buoy motion in high winds did cause marginal transmission. The use of yagi antennas significantly improves communications and would be recommended for use on a ship. The low power "sleep" mode is cntical for use in the buoy application or in a stand-alone bow mast meteorological application.
B. Acoustic modem
The second approach" proposed was an acoustic modem. Other programs at WHOI in the area of acoustic data transmission through the water are well developed. Since the ship's hull is a good acoustic path, it was proposed to investigate this option. A reviewer of the proposal noted that SeaBeam, Inc. (SBI) had a development project underway similar to this. Contact with SBI confrmed this and a contract using the SBI prototye equipment with engineenng support was wntten to do this testing. SBI is developing a device called a "HullPhone" for use in ships that have been damaged and do not have normal communications. The HullPhone has transducers that clamp to ships' frames (the clamp is custom designed for maxmum acoustic coupling and is shoWn in Figure 6 ) and uses a 36 kH carner, modulated with frequencies that range from 500 Hz to 3500 Hz (voice band). This is ideal for a frequency shift key (fsk) commercial modem that operates at 300 baud. The unit requires about 0.25 watts of power on standby and 10 watts of power on transmit. Testing on Oceanus determned that there was an excellent superstructure. The acoustic path was excellent even through the steel/alumium anticorrosion barer. The acoustic path was both vertical and along-ship suggesting that this device would be able to provide a data path over much of the ship. The 36 kH carer frequency is above the ship equipment and underway noise frequencies. The transmit source level had to be lowered signficantly to have the receive signal in a linear range. In this mode, the receive signal had almost a 23 db signal-to-noise ratio. -
The feasibility testing showed the acoustic modem to be a highly viable device for wireless shipboard data transmission. It is based on a propnetary program at SeaBeam Inc. (SBI).
SBI is pursuing further development of this device but it is expected that some custom design work will be required to produce a commercial device to meet the needs of a ship system. Funding for a development program will be required to meet specifications for a useful system. The success of this depends on the quantity of units needed.
c. Power line coupling
The thid approach tested was power line coupling units (X-10) and telephone/power lie units. The telephone units would seem to offer a good path but communication with the manufacturer determned that it could not be used. When a remote phone is picked up, no other phone can communicate.
The X-10 technology is used in houses to control lights and appliances from custom con- is sent three times for each bit, once at each ac zero-crossing (based on a 3-phase system) since that gives the best signal-to-noise ratio for data transmission. In addition, each bit is sent both true and complemented, and each code sequence is sent twce. A single normal command takes eleven cycles of the ac line to finish. All legal commands must fist star with the header (1110), followed by 4 bits of "house" code, concluded with 5 bits of "unit function" code. Two computer serial port intedace boards and associated power line intedace modules were purchased. The systems were set up for test on the bench. When it did not work, the manufacturer was called. It was noted that if there were any fluorescent lights on the line the X-10 system would require a special filter since electronic ballasts generate 120 kH. Setting up the system on an isolated power stnp resulted in good operation. However, this limitation means that the X-10 system is not recommended for use on ships. _ Afer investigating the feasibilty of the vanous ~pproaches to wireless data transmission on ships, it would be instructive to descnbe a "proposed future" VOS instalation using the appropnate wieless data approaches. A block diagram of this proposed system is shown in Figure 9 . The mai bow mast meteorological installation would consist of an integrated suite of sensors with digital front-end intedaces and a battery powered data logger/controller. This system would also be suitable for use on a coastal buoy. Connected to the main bow mast meteorological system would be a separate battery powered RS485 radio frequency modem to provide communications to the ship's bndge and to an acoustic modem that links the SST module. The SST module would be a stand-alone module that is located inside the ship's hull at (or very near) the waterline. This is the recommended location based on the UK Met Offce evaluation. (Kent et al., 1991) . The battery-powered acoustic modem would provide communications between the SST and the mai logger on a once-per-hour basis. The computer used to control the Inarsat satellte communications would interrogate the mai data logger on the bow mast on a once-per-hour basis via a radio frequency. modem. This would automatically send a high quality meteorological data record via satellte to the land-based meteorological network.
This system is feasible using currently avaiable components on research ships. An integrated system using only the minimum number of components that was designed for volume manufacture would lower the cost and permt high quality meteorological data to be obtained from a large number ofVOS on a real-time basis.
Summary
In summar, each of the methods evaluated were feasible for ship wieless data transmission (with the exception of the telephone devices) with some limitations. The most senous problem at the star of the project was getting SST data from the ship waterline to the deck, and that is now shown to be feasible using the acoustic modem. The acoustic modem itself requires further development to be commercially available for use in recommended systems. The many radio frequency modems available commercially offer convenient choices for data transmission above deck where there is a line-of-sight from transmitter to receiver. These are listed in Appendix 1. The power line devices do not provide convenient devices that can be recommended at this time. Every ship will require some diferent approaches; the recommendations made in section 4 wil probably be the most economical and productive. Figure 10 shows the cross-section of the RN Oceanus with the transmission paths for both the acoustic modem and the radio frequency modem. .. The CK-232 Wireless Industrial Transceiver provides a "wireless communication bridge" bètween RS-232 industrial devices. The technology allows RS-232 field devices to communicate data wireless, via radio telemetry, thereby, eliminating all wiring, rigid conduit, installation labor expense, and the plant down-time typically associated with hard wiring a pai r of RS-232 field devices. The product utilizes a sophisticated radio communication technique termed "spread spectrum". Operating at 900MHz, a pair of transceivers may be radio linked, in order to communicate data up to a range of 15 miles, which far exceeds the maximum transmission distance, as specified for RS-232 wired systems. Spread spectrum telemetry requires no FCC license and no FCC site approval prior to use, as required by conventional radio communication techniques. The product may be used where new RS-232 field devices are being installed, or it may be used to replace aged wiring, as found with many pre-existing RS-232 field systems. The product may be paired with another CK-232 transceiver, or it may be paired with other Wireless Scientific telemetry products, such as a CK-232 paired with a CK-485. Paired devices maybe linked in apoint-to-point, orpoint-to-multi-dropconfiguration. etc.
In addition, each bit is sent both tre and complemented, and each code sequence is sent twice. That's a lot of bit redundancy, and just barely enough to make it past the noise on the line, depending on actual conditions.
A single normal command takes eleven cycles of the AC line to finish. All legal commands must first start with the header 1110, a unique code as described below. The header bits take two cycles at one bit per half cycle. The next four cycles are the four-bit House Code, but it takes eight bits total because each bit is sent true then complemented. This is similar to biphase encoding, as the bit value changes state hal-way through the transmission, and improves transmission reliability. The las five AC cycles are the Unit I Function Code, a five bit code that takes ten bits (again, true then complemented). For any codes except the DIM BRIGHT and the data following the EXTNDED DATA function, there~ a mandatory three cycle pause before sending another command DIM and BRIGHT don't necssaly need a pause, and the data afer the EXTENDED DATA command absolutely MUST follow immediately until all bytes have been sent. The EXTENDED DATA code is handy, as any number of eight-bit bytes may follow. The data bytes must follow the true/complement rule, so will take eight cycles per byte, with no pause between bytes until complete. The only legal sequence that doesn't conform to the true/complement rule are the star bits 1 I 10 that lead the whole thing off likely because the modules need some way to tell when it's OK to start listening again. This report wil present the results of an investigation into the feasibility of several modes of wireless data transmission including: (1) radio frequency modems, (2) acoustic modems (using the ship's steel hull for a path with a "HullPhone"), (3) power line systems, such as X-lO units, and (4) possible power line utilzation of telephone modems.
There is a need for wireless data transmission on both Voluntar Observing Ships (VOS) and research ships for : short-term installations. The availability of cables from remote areas on these ships is usually not good, and restrctions on ! installing cables prevent some useful measurements from being made. A case in point is the real time availability of , measurements of sea surface temperature (SST) from VOS by sensors mounted inside the hull. Instrments for measuring SST are installed in sealed comparents that are near the waterline of the ship and often four decks below the main deck.
Other applications include transmission of data from automated XBT launchers located on the aft deck to the science area and transmission of data from a cluster of meteorological instrments located at the bow of the ship to the bridge for interface to Service Argos or Inmarsat satellte links. Surveys of existing equipment have been made. Typical equipment has been purchased and tested in a ship environment, including the ''HullPhone." The results of these tests are presented. Suggestions for system configurations to meet the applications noted above are made with note of the product development required. 
